Abstract: Digital signage is an important medium for urban outdoor advertising. Understanding the spatial distribution characteristics and factors that influence the site of digital signage are conducive to the efficient, standardized, and sustainable development of digital signage. The outdoor commercial digital signage within the Sixth Ring Road in Beijing is taken as the research object, and social network check-ins, housing prices, traffic network centrality and the mount of commercial facilities are considered factors that influence digital signage. The spatial distribution characteristics of digital signage are studied by using point pattern analysis methods. Moreover, we use three spatial clustering algorithms to study the hierarchical spatial characteristics of digital signage and test the effectiveness of the results. In addition, the factors that influence the distribution of digital signage are analyzed by Spearman correlation analysis. The results indicate that (1) the digital signage in Beijing generally presents a relatively concentrated distribution with centrality and forms an obvious gathering area and the agglomeration centers are mainly concentrated in the core parts of the central business district (CBD). (2) Digital signage is categorized into three groups, the traffic-oriented, the population-oriented, and the market-oriented. In addition, the spatial distribution of digital signage is consistent with the historical urban development of Beijing. (3) The social network check-ins with dynamic population characteristics had the highest correlation with the operation cost of digital signage. The spatial characteristics of digital signage evaluated in this study can effectively enhance the sustainable management of digital signage and provide a reference for research of the sustainable allocation of digital signage resources.
Introduction
Due to the rapid development of Internet technology and the digital transformation of the media industry, digital signage has been widely used. Digital signage refers to a multimedia professional audio-visual system that uses text, audio, images and video to publish business, finance and entertainment information in public places [1, 2] . Compared with traditional "static" signage such as posters and billboards, digital signage has the characteristics of flexibility, accuracy, interactivity, immediacy and integration and can deliver targeted information to different audience groups in specific locations at specific times using specific equipment [3] [4] [5] [6] [7] . With the increasing popularity of digital signage and the increasing complexity of the digital signage business, the understanding of the spatial characteristics of digital signage and its influencing factors is urgently needed to achieve scientific and sustainable management of digital signage. Currently, digital signage research mainly focuses on the systematic research of digital signage, consumer behavior, and content design [8] [9] [10] [11] [12] , with the purpose of the management of digital signage terminals, automatic scheduling, and content distribution [13] [14] [15] [16] . However, digital signage has the problems of unclear spatial patterns and influence mechanisms and lacks unified management of spatialization, overall planning and sustainability. It is urgent to consider the spatial characteristics of digital signage and the factors influencing its location.
To clarify the spatial characteristics of digital signage, this paper takes the Sixth Ring Road in Beijing as the research area and urban outdoor commercial digital signage as the research object. According to the characteristics of spatial digital signage data, the distribution of digital signage is abstracted into points. We analyze the spatial distribution of Beijing digital signage in three dimensions. Macroscopically, we use the standard deviational ellipse analysis method to characterize the overall direction of the changes in Beijing digital signage [17] . In addition, microscopically, we use the kernel density analysis method to analyze the clustering characteristics of digital signage within the area of the Sixth Ring Road in Beijing [18, 19] , and we compare the distributions of digital signage and commercial facilities from macro and micro perspectives. At the same time, this study used the multiple distance spatial clustering analysis (Ripley's K(r) function) to study the changes in digital signage distance [20] . On this basis, three spatial clustering methods, K-means, SOM and DBSCAN, were compared in generating hierarchical spatial categories of digital signage [21] [22] [23] [24] [25] [26] [27] , and the appropriate method was determined by Calinski-Harabasz index (CH) [28] . Then, we used one-way analysis of variance (one-way ANOVA) to verify the categories [29] . Moreover, Spearman rank correlation coefficients were used to study the correlations between the influencing factors and the price of digital signage [30] , and analyzed the mechanisms in the spatial distribution of digital signage.
Study Area and Data Source
The urban area within the Sixth Ring Road in Beijing is selected as the study area in this research ( Figure 1 ). Beijing is an important consumer market and the center of trade circulation in China [31] , and it is also an area where urban outdoor advertising has accumulated, and digital signage has been developed. The core urban built-up area is mostly covered within the Sixth Ring Road in Beijing, and has a large number of commercial and entertainment centers, government agencies, hospitals, universities and other urban facilities. Extensive digital signage highly distributed in the region, accounting for 85% of the total amount of digital signage in Beijing [16] .
The dataset involved in this research includes digital signage data and the data on factors influencing digital signage. The digital signage data are achieved from previous projects, describe the operation cost, screen type and address of the 5,823 digital signage in the study area (Figure 1c) . The operation cost of digital signage is selected to represent the scope of the digital signage. The layout of digital signage and its advertising effects are constrained by the location, accessibility, visibility, and the geographical environment surrounding the signage, which are decisive for the scientific management of digital signage [32] . Moreover, in former researches, the commercial activity, traffic capacity, population and the housing price were used as the environmental factors in this field [16, 32] . In addition, we used the data of the number of commercial workers, the traffic network centrality index, the check-ins data, and the average house price to represent these factors. a) The number of commercial workers is used to indicate the size of commercial facilities which can reflect the number of audiences and digital signage. We get the data from the third economic census [33] . b) The traffic network centrality index, measured based on the basic road network, indicates a location more central and thus more advantageous for digital signage [34] . c) The check-ins data, derived from Sina Weibo microblog in China (https://weibo.com/, such open data is freely captured from application program interfaces on the websites), indicates a location more popular for audiences [35] . d) The average house price represents the cost of digital signage and we capture from Housing World Website (https://bj.fang.com/) [36] .
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Methodology
With the well-prepared datasets, we use the standard deviational ellipse analysis method to characterize the overall direction of the changes in Beijing digital signage. Additionally, we apply the kernel density analysis to analyze the clustering characteristics of digital signage, as well as the multiple distance spatial clustering analysis (Ripley's K(r)) function to study the changes in digital signage distance. Moreover, the K-means clustering method is also introduced to study the hierarchical spatial characteristics of digital signage (Figure 2 
With the well-prepared datasets, we use the standard deviational ellipse analysis method to characterize the overall direction of the changes in Beijing digital signage. Additionally, we apply the kernel density analysis to analyze the clustering characteristics of digital signage, as well as the multiple distance spatial clustering analysis (Ripley's K(r)) function to study the changes in digital signage distance. Moreover, the K-means clustering method is also introduced to study the hierarchical spatial characteristics of digital signage (Figure 2 ). 
Standard Deviational Ellipse Analysis
The standard deviational ellipse is a classic algorithm for analyzing the spatial distribution characteristics of the point dataset. This algorithm is used to measure the direction and distribution characteristics of the dataset, and the output is an ellipse [37] . The long axis of the ellipse represents the maximum diffusion direction of the study data, and the short axis of the ellipse represents the minimum diffusion direction of the study data [38] . From the area of the ellipse, the degree of dispersion of the digital signage distribution can be determined. The smaller the area is, the closer the distribution of the digital signage is to the center of gravity. The deflection angle is the angle from which the long axis of the standard deviational ellipse rotates clockwise from the north [39] .
We assume that all the point coordinates in the point data set are Taking the X-axis as the standard, north (12 o'clock direction) is at 0 degrees, and the rotation is 
We assume that all the point coordinates in the point data set are (x 1 , y 1 ), (x 2 , y 2 ), . . . , (x n , y n ). Taking the X-axis as the standard, north (12 o'clock direction) is at 0 degrees, and the rotation is clockwise; thus,tan θ is the angle of deflection. The direction function of the ellipse can be written as Equation (1):
where x and y in the above equation represent the averages of the x-coordinate and y-coordinate values of all points in the point set, respectively.
The length σ x of the x-axis is shown in Equation (2) and the length σ y of the y-axis is shown in Equations (3) and (4):
where θ is the angle of rotation. The spatial digital signage data was normalized before the standard deviational ellipse analysis, and some singular points were deleted to ensure the homogeneity of the samples. Then, the standard deviational ellipse analysis of the spatial digital signage data in Beijing was performed with ESRI ® ArcGIS TM 10.2.
Kernel Density Analysis
As a nonparametric estimation method, kernel density analysis is mainly used to calculate the density of digital signage in surrounding neighborhoods. This method sets the position of a specific feature point as the center and distributes the attribute value of the center point within a specified threshold range. The range is usually a circle with a radius of h, which is displayed when the feature points are gathered at the center position where the density is highest. Then, the density will gradually decrease as the distance decreases until the density at the distance limit is 0 [40] .
The samples extracted from the overall data with the density distribution function f n (·) are x 1 , x 2 , . . . , x i , and x i is a series of vectors whose coordinates describe the location of each point i, and the estimated value of f at point x is f (·). This function is shown in Equation (5) [41] :
where k(·) is the kernel function, h is the bandwidth, |x − x i | is the distance from the estimated point x to the sample x i . To reflect the general distribution characteristics of Beijing digital signage and avoid too much detail, we selected 3 km as the distance threshold after trial and error and performed kernel density analysis on the data in ESRI ® ArcGIS TM 10.2.
Ripley's K(r) Function
Ripley's K(r) function is a tool to analyze spatial point data over a range of scales, and its statistics can be used to analyze specific spatial distribution patterns of points on different spatial scales [42, 43] . Marcon used this function to measure the geographic concentration of industrial areas [44] . Ripley's K(r) function generally describes the spatial distribution of points as follows. The number of neighbors in the radius r of each point in the data set is compared to the expected number of neighbors to determine whether the point features are spatially aggregated. If the number of neighbors in radius r is higher than the number of neighbors expected, then it can be determined that the neighbors are concentrated around the point. Ripley's K(r) function is shown in Equation (6) [45] :
i, j = 1, 2, . . . , n and i j,
where A is the area of the studied region; n is the amount of digital signage in the study area; d is the distance scale; d ij is the distance between digital signage i and j. On the basis of K(r), Besag proposed the L(r) function (Equation (9)) [20] :
L(r) can be used to evaluate the characteristics of digital signage distribution. When the actual observation value of L(r) is larger than the value expected by a random distribution, this indicates that the digital signage has a tendency to exhibit aggregated distribution; otherwise, the digital signage is considered to be randomly distributed. In this paper, the L(r) function is used to analyze the spatial distribution of digital signage in different scales.
K-Means Clustering
K-means is a classic partition-based clustering algorithm. The algorithm calculates the distance between each point and the selected center and continuously clusters the points according to similarity until the specified requirements are met [22, 23] . The basic idea of the algorithm is to initially randomly assign K cluster centers and divide the sample points into clusters according to the nearest neighbor principle. The distance Di between the point and the center of the cluster is calculated using the Euclidean Distance (Equation (10)).
where (x i , y i ) is coordinates of each point, and (x 0 , y 0 ) is the coordinates of the cluster center point. Then, the centroid of each cluster is recalculated by the averaging method to determine the center of the new cluster, iterating until the distance in which the cluster heart moves is less than a given value. The new cluster center point (x 0 , y 0 ) is calculated as Equation (11).
Results and Discussion

Spatial Distribution Characteristics of Digital Signage
The density of the digital signage within the Sixth Ring Road in Beijing was calculated. The digital signage generally showed a relatively concentrated distribution (Figure 3) . Based on the long axis of the standard deviational ellipse, the distribution density and amount of digital signage in the south area (Shuangjing, central business district (CBD), etc.) are higher than those in the north (Sanlitun, Olympic Park, 798 Art District, etc.). The results indicate that the digital signage within the Sixth Ring Road in Beijing exhibits a biased spatial distribution. Moreover, kernel density analysis investigates the clusters in point data with a direct unsupervised way. However, sometimes it is hard to interpret results without prior knowledge. Additionally, digital signage presents a multi-center distribution trend, and distinctive aggregation centers are sited in Guomao, Shuangjing, Panjiayuan, Siyuanqiao, Xidan and Weigongcun. In addition, there are aggregation centers in areas such as Baliqiao, Yizhuang and Huangcun between the Fifth Ring Road and the Sixth Ring Road in Beijing. Among these centers, the areas with high concentrations are mainly distributed in the Guomao, Shuangjing and Panjiayuan areas of the CBD; Sanlitun, 798 Art District, Olympic Park and other places in the cultural and entertainment industry center; and business districts such as Xidan and Wangfujing (Figure 3 ).
digital signage generally showed a relatively concentrated distribution (Figure 3) . Based on the long axis of the standard deviational ellipse, the distribution density and amount of digital signage in the south area (Shuangjing, central business district (CBD), etc.) are higher than those in the north (Sanlitun, Olympic Park, 798 Art District, etc.). The results indicate that the digital signage within the Sixth Ring Road in Beijing exhibits a biased spatial distribution. Moreover, kernel density analysis investigates the clusters in point data with a direct unsupervised way. However, sometimes it is hard to interpret results without prior knowledge. Additionally, digital signage presents a multi-center distribution trend, and distinctive aggregation centers are sited in Guomao, Shuangjing, Panjiayuan, Siyuanqiao, Xidan and Weigongcun. In addition, there are aggregation centers in areas such as Baliqiao, Yizhuang and Huangcun between the Fifth Ring Road and the Sixth Ring Road in Beijing. Among these centers, the areas with high concentrations are mainly distributed in the Guomao, Shuangjing and Panjiayuan areas of the CBD; Sanlitun, 798 Art District, Olympic Park and other places in the cultural and entertainment industry center; and business districts such as Xidan and Wangfujing (Figure 3) . Moreover, compared with distribution of commercial facilities, the digital signage cover most of the areas with dense commercial facilities distributions, and both digital signage and commercial facilities are concentrated within the Fifth Ring Road (Figure 4) . Standard deviational ellipse analysis reveals the direction and distribution of the point data. However, the main direction of the ellipse will not be obvious when the ellipse tends to be a circle. We can find that although commercial facilities have no obvious directional characteristics, combined with kernel density analysis, commercial facilities and digital signage have differences in directional characteristics., it differs from the digital signage in the concentrated distribution mode. There are both spatial consistency and inconsistency between the commercial facilities aggregation center and the digital signage aggregation center. Spatial consistency mainly occurred where commercial facilities are highly concentrated from the Second Ring area to the Sixth Ring areas. The spatial inconsistency mainly occurred where commercial facilities focus on accommodations, catering, wholesale and retail Moreover, compared with distribution of commercial facilities, the digital signage cover most of the areas with dense commercial facilities distributions, and both digital signage and commercial facilities are concentrated within the Fifth Ring Road (Figure 4) . Standard deviational ellipse analysis reveals the direction and distribution of the point data. However, the main direction of the ellipse will not be obvious when the ellipse tends to be a circle. We can find that although commercial facilities have no obvious directional characteristics, combined with kernel density analysis, commercial facilities and digital signage have differences in directional characteristics., it differs from the digital signage in the concentrated distribution mode. There are both spatial consistency and inconsistency between the commercial facilities aggregation center and the digital signage aggregation center. Spatial consistency mainly occurred where commercial facilities are highly concentrated from the Second Ring area to the Sixth Ring areas. The spatial inconsistency mainly occurred where commercial facilities focus on accommodations, catering, wholesale and retail shops, and residential services. For example, students are the main audience in the northwest of Beijing where there are many colleges and universities, and the commercial facilities in this area mainly serve residents. Therefore, the aggregation of the commercial facilities is relatively high while the amount of digital signage is low. In contrast, a large number of cultural, entertainment, and advertising industry bases are concentrated in the northeast and southeast of Beijing. The audiences in these areas are mainly corporate employees, thus the amount of digital signage is relatively higher.
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Consistent with traditional business geography theory [46] , we divide the digital signage level into at least three levels. The K-means, DBSCAN and SOM clustering algorithms are used to divide the digital signage data into grades 3-9 by adjusting their corresponding parameters. Thus, a total of 21 kinds of division results are obtained; then, the quality of the division results is evaluated by the CH index. The CH index is a statistical index that can be used to detect clustering effects, the clustering result is optimal when the CH index reaches the maximum value [47] . The final classification is obtained (Figure 6 ). In the case of clustering by the three algorithms, the CH index is largest when the K-means algorithm is used with K = 3; that is, the clustering effect is optimal. 
Consistent with traditional business geography theory [46] , we divide the digital signage level into at least three levels. The K-means, DBSCAN and SOM clustering algorithms are used to divide the digital signage data into grades 3-9 by adjusting their corresponding parameters. Thus, a total of 21 kinds of division results are obtained; then, the quality of the division results is evaluated by the CH index. The CH index is a statistical index that can be used to detect clustering effects, the clustering result is optimal when the CH index reaches the maximum value [47] . The final classification is obtained (Figure 6 ). In the case of clustering by the three algorithms, the CH index is largest when the K-means algorithm is used with K = 3; that is, the clustering effect is optimal. To test the rationality of the classified digital signage levels, this paper analyzes whether the influencing factors exhibit significant differences among groups via one-way ANOVA. The analysis To test the rationality of the classified digital signage levels, this paper analyzes whether the influencing factors exhibit significant differences among groups via one-way ANOVA. The analysis is conducted in SPSS (19.0) software. Before using the one-way ANOVA method, it is necessary to check whether the data satisfy the homogeneity of variance assumption. The level of significance (p-value) in the homogeneity of variance test of the four influencing factors are all less than 0.05, and the data do not satisfy the homogeneity of variance assumption (Table 1) . Hence, we used the Games-Howell method to compare the single factors between the groups. The results of the Games-Howell test indicate the magnitude of the p-value. If p > 0.05, there is no significant difference in the factors between the two levels. If p < 0.05, there is a significant difference in the factors between the two levels. The results are shown in Table 2 . The road signage corresponding to the level 0 and level 1 digital signage are located along the high-speed routes of Jingha Expressway, Beijing-Shanghai Expressway and Airport Expressway, and the other roads that have the rest of the level 0 digital signage also have level 1 digital signage. That is, the traffic network accessibility factors between the two levels of 0 and 1 are similar. The distribution of different digital signage clusters is shown in Figure 7 . The distribution of digital signage is significantly higher in the eastern part of Beijing than in the western region. The spatial distribution of digital signage exhibits strong consistency with the spatial pattern of the radiating road loops of the Beijing-based highway traffic system.
With the analysis of K-means, all digital signage in Beijing is classified into three categories. The first category, labeled traffic-oriented, mainly spreads along the main roads, especially Sixth Ring Roads. The traffic-oriented digital signage has the largest number and is the most widely distributed with weak spatial heterogeneity. The traffic-oriented digital signage is particularly dense in the northeast region between the Second Ring Road and the Fourth Ring road and may be closely related to the rapid construction of the CBD in recent years and the rapid development of the entertainment industry. The traffic-oriented digital signage also has an aggregation center in Tongzhou District, which is related to the construction of the Beijing city subcenter on the eastern edge of the city. It can be foreseen that with the advancement of the construction of the Beijing city subcenter, an area of digital signage will appear in the Tongzhou area. Meanwhile, the traffic-oriented digital signage is relatively dense in the periphery of the city, and there is less digital signage inside the "convex"-shaped old city in Beijing, indicating that the service level of the traffic-oriented digital signage is low. The traffic-oriented digital signage is common between the Fourth Ring Road and the Fifth Ring Road, and most of it appears in urban settlement centers that were previously developed in the outer suburbs, such as Huangcun, Liangxiang and Lishuiqiao.
The second category, labeled population-oriented, is set up in the area with a large population. Most of the population-oriented digital signage is distributed within the Fifth Ring Road, and the distribution density is largest between the Second Ring Road and the Fourth Ring Road. The spatial distribution of population-oriented digital signage is relatively uniform, and there are significantly more in the north than in the south. This pattern is consistent with the development of the north city, which is more advanced than the development of the southern part of the city in Beijing [48] .
The population-oriented digital signage has multiple spatial distribution centers. These centers are more representative of the core area of the suburban city settlement center and slightly overlap with the Level 0 digital signage, such as Huangcun, Liangxiang, and Tongzhou Xinhua Street (Figure 7b,c) . 
Correlation Analysis of the Factors Influencing Digital Signage
The data on the operation cost of digital signage and four influencing factors including housing price, the mount of commercial facilities, traffic network centrality index and social network check-ins were analyzed. Because all these data do not obey the normal distribution, and the common parameter test methods such as t-test, chi-square test and analysis of variance require the sample data to follow a normal distribution, so these methods are not suitable for data analysis in this paper. The third category, labeled market-oriented, concerns about the commercial development of the city and spreads around the market areas. Most of the market-oriented digital signage, except for the limited amount distributed in the northern area of the North Fourth Ring Road and the Wangjing Street area on the east side of Wangjing, is distributed within the Fourth Ring Road. Haidian District, Xicheng District and Dawang Road are the main distribution areas of market-oriented digital signage. The spatial distribution of the market-oriented digital signage is relatively uneven, reflecting that the regional economic development exhibits an imbalance. The distribution of market-oriented digital signage is obviously biased towards the northern part of the city, which is consistent with the faster trends of urban construction and development in the north of Beijing than the south [49] . The market-oriented digital signage are distributed in the areas with the highest levels of economic development, such as the core area of the Beijing CBD, among the Xicheng traditional commercial areas of Xisi-Xidan-Xuanwumen and the surrounding buffer areas, Wangfujing, Qianmen and other commercial areas. In some areas, such as the Haidian District between the Second Ring Road and the Fourth Ring Road, the market-oriented digital signage and population-oriented digital signage are distributed alternately. The reason lies that the economy in the area enjoys a similarly higher level overall. Against this background, the well-developed area features the market-oriented digital signage while the less-developed area features the population-oriented. However, the north and south sides of the Changchun Street-Hepingmen-Qianmen exhibit alternating distribution characteristics. The reason for this pattern is that the market-oriented digital signage has a wider range of services than the population-oriented digital signage, and the corresponding level of regional economic development is correspondingly higher. The inner city of Beijing city is to the north of Changchun Street-Peace Gate-Qianmen in the Ming and Qing Dynasties, and the outer city is to the south. Due to the historical and political reasons, the inhabitants of the inner city are dignitaries, and the outer city is a prosperous civilian culture. This spatial pattern also represents the pattern of urban commercial, economic space in Beijing. The spatial distribution of digital signage and the historical urban construction and development processes are highly consistent throughout Beijing.
The data on the operation cost of digital signage and four influencing factors including housing price, the mount of commercial facilities, traffic network centrality index and social network check-ins were analyzed. Because all these data do not obey the normal distribution, and the common parameter test methods such as t-test, chi-square test and analysis of variance require the sample data to follow a normal distribution, so these methods are not suitable for data analysis in this paper.
The Spearman rank correlation coefficient method can describe the correlations among data that do not obey the normal distribution. This method is a nonparametric statistical method. Therefore, this method was used to analyze the correlation between the operation cost of digital signage and the four attributes of housing prices, the number of commercial workers, the traffic network centrality and the social network check-in data. If the significance level between the two variables (Sig.) (Table 3) is less than 0.01, the two variables are correlated; otherwise, they are uncorrelated. As shown in Table 3 . the operation cost of digital signage is correlated with the three attributes of commercial facilities, traffic network centrality, and social network check-ins and is not correlated with housing prices. The correlation coefficients between the digital signage price and the three digital signage factors of social network check-ins, traffic network centrality and commercial facilities are 0.17, 0.064 and 0.115, respectively. According to the correlation analysis, digital signage is more affected by the commercial facilities and social network check-ins factors than traffic network factors. The social network check-ins factors indicate the interest of the urban population in the check-ins location and characterize the floating population. The highest social network check-ins values mainly occur in the university and business district, such as near Peking University and Renmin University of China, and Wangfujing, Shuangjing, Panjiayuan, Sihui, Siyuanqiao and the CBD. This result is also consistent with the dense distribution of digital signage, indicating that the spatial distribution of the urban regional economy is attractive to the flow of the population, and this attraction affects the spatial distribution of digital signage via the audience factor. Therefore, there is a significant correlation between social network check-ins factors and digital signage. The distributions of commercial facilities and digital signage are similar. In particular, Sanlitun, Sihui, Shuangjing and the CBD are not only prosperous areas for the entertainment industry but also prosperous areas for the advertising industry. Advertising companies that place outdoor advertising for entertainment companies need to place digital signage in this area, which is one of the reasons why digital signage is densely distributed in these areas. This result shows that there is also a significant correlation between the commercial facilities size and digital signage. The traffic network centrality patterns show that there are large proportions of the digital signage at ring road and near the main roads. The amount of digital signage within 200 meters of the main ring roads and the main roads were counted, which revealed that 54% of all digital signage in these areas. These results indicate that digital signage is highly correlated with traffic factors. The influence of traffic network centrality on the remaining digital signage is small. Therefore, there is a general correlation between the traffic centrality factor and the digital signage, but the correlation is small.
In particular, Sanlitun, Sihui, Shuangjing, the CBD and other areas are located in the region that is one of the cultural industrial clusters in Beijing. The three influencing factors exhibit dense distributions in this region, indicating that the area is extremely suitable for the deployment of outdoor digital signage. Moreover, the results of the kernel density distribution of digital signage are consistent with this conclusion, and this area is also a dense area of digital signage.
Conclusions
We analyzed the spatial characteristics of outdoor commercial digital signage within the Sixth Ring Road in Beijing by using GIS spatial point pattern analysis, spatial cluster analysis and correlation analysis methods. The analyses of the spatial distribution characteristics were used to evaluate the digital signage directionality, agglomeration and scales. The digital signage spatial grading study includes the hierarchical division and verification of digital signage distribution; finally, the correlations between digital signage and influencing factors were analyzed. The following conclusions were obtained:
(1) Beijing digital signage generally presents multiple centers with obvious spatial centrality. The distribution axis shows the spatial distribution pattern of "southwest-northeast", and the spatial heterogeneity is obvious. The digital signage is mainly distributed within the Fifth Ring Road, and the closer the area is to the city center, the higher the concentration of digital signage. The gathering centers are mainly concentrated in the core areas of the CBD, such as Guomao, Shuangjing and Panjiayuan; Sanlitun, the 798 Art District, Olympic Park and other places in the cultural and entertainment industry center; and Xidan, Wangfujing and other commercial districts.
(2) Through the comparison and analysis of three kinds of clustering algorithms, K-means produced the best classification results. All digital signage in Beijing is classified into three categories, the traffic-oriented, the population-oriented, and the market-oriented. The traffic-oriented mainly spreads along the main roads, especially six ring roads, with relatively high traffic network centrality index. The population-oriented is set up in the area with a large audience, which can be well indicated by social network check-ins. The market-oriented concerns about the commercial development of the city and spreads around the market areas. Moreover, the spatial distribution of digital signage is consistent with the historical urban development of Beijing.
(3) This study selected the four factors related to digital signage of social network check-ins, traffic network centrality, commercial facilities and housing prices to perform a Spearman bivariate correlation analysis with operation cost of digital signage. It was finally determined that among the four influencing factors, social network check-ins, commercial facilities and traffic network centrality were significantly related to digital signage, and social network check-ins, which represent the floating population and the audience, was the most relevant factor.
Through the analysis of the spatial characteristics and factors influencing digital signage, it aims to analyze the spatial distribution of digital signage, effectively carry out hierarchical management, and further clarify the factors influencing digital signage. This study provides a theoretical and practical basis for maximizing the effectiveness of advertising and optimizing the sustainable development of digital signage resources. These results also provide a significant reference for the establishment and improvement of urban functional planning systems.
Moreover, we must point out that although the methods utilized in this research are standard methods, it is a new application of these methods in the research of digital signage. In our work, we focused on the spatial characteristics of the factors, and ignored the difference in the attributes of the data. Every point data of each factor is processed in the same way. Thus, it ignored the important features of the factors that could affect and explain the patterns of digital signage. In the future, the data should be classified into different groups by considering the attributes of data, such as the time-specific elements. 
